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Zoom lens 



The invention relates to a zoom lens having at least a &ont leas group and a 
controllable lens group. 

The invention also relates to a camera comprising such a zoom lens and to a 
handheld device comprising such a camera. 



A conventional zoom l&as comprises a number of soUd lens elements made of 
a transparent material like glass or a transparent plastic. These lens elements are grouped in a 
fiont lens group at the object side, a rear 1^ group at the image side and a controUable lens 
gmvp between the fiont group and the rear group. Each of these groups may consist of one or 
more lens elements. Lens elements of the controllable lens are movable for performing 
zooming. Zooming is understood to mean changing the image scale, i.e. selecting the size of 
the object scene that is imaged, by changing the focal distance of the zoom lens. The 
maximum settings of the zoom lens are Tele configuration, wherein a smaU portion of an 
object scene is imaged, and wide configuration, wherein a larger portion of an object scene is 
unaged. By moving lens elements of the controUable lens grovp the zoom lens can be set 
between these two extreme configurations and configurations there between. 

Currently miniature cameras are built in handheld apparatus, like a mobile 
phone and the need arise for a zoom lens for such a camera. The buUt-in height of a zoom 
lens for a miniature camera should be adapted to the space available m a handheld ^paiatus. 
The built-in height of a camera to be built-in in a mobile phone is the distance between the 
fiwnt lens element and the backside of flie image sensor of the camera, which sensor converts 
the received image mto electrical signals. For, the fiwnt lens element should be 
accommodated in the fi»nt surface of the apparatus. The optical axis of the zoom lens thus 
extends in the depth direction of the apparatus. A practical requirement for a mobile phone ( 
other handheld apparatus is that its depth, or thickness, is small. The built-in height of a 
camera with a zoom lens is mainly detetmmed by the space that is needed to displace the 
controllable lens group. 



or 



PHNL021136EPP 



2 06.11.2002 
In addition to a zooming action a focussing action should be carried out in a 
zoom lens. Focussing is understood to mean keeping the selected object scene in focus for 
every configuration of the zoom lens system. Conventionally liie focussing action can be 
performed by moving either Ihe ftont lens group or the image sensor up and down along the 

5 axis of the zoom lens. This requires additional space and enlarges the lengfli of the zoom lens 
and thus the built-in height of the camera. 

If in a lens system, such as a mimature zoom lens the number of lens elements 
should be as small as possible, a holographic gratmg may be included, for example m the 
controllable lens group in case of a zoom lens to correct for the dispersion of the leas 

10 elements. The diffraction angle of such a grating is different for the differait wavelength of 
the natural light incident on it. This wavelength dependency can be xised to substantially 
correct for the wavelength dependent behaviour of the lens elements of the zoom lens. If no 
diffraction grating is used, additional elements will have to be used for correction of the 
dispersion of the lens elements. However the diffraction efficiency of the grating is optimum 

15 for one wavelength only and smaller for other wavelengths. This means that not all of the 
light of said other wavelengths is deflected m the reqirired direction, which results in 
additional, ghost, blurred images being formed on the image sensor by said other 
wavelengths. The contrast of the image on the unage sensor will thus dearease. 



20 

It is an object of Ihe invention to provide a zoom lens, which has a small built- 
in height, thus is suitable for a miniature camera, and is well corrected for dispersion. This 
zoom lens is characterized m that the controllable lens group corrqnises two lens elements, 
which are made of different lens materials and are movable with respect to each other. 

25 Distributing the lens fonction of the controllable lens over two lens elements 

allows this lens performing two additional functions. By using lens materials with different 
refractive indices, the dispersion can be corrected. By moving the lens elements with respect 
to each other focussing can be performed so that no extra space is requked for moving either 
the front lens group or the image sensor. By moving the whole controllable lens groiq> 

30 zooming action is performed. 

A prefared embodiment of the zoom lens having a lens stop is characterized 
in that the lens stop is arranged near the first lens element of the controllable lens group and 
is movable togeth^ with this lens group. 
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The stop in a lens system is the smallest opening, formed by a diaphragm, in 
die system. This stop restricts the diameter of the imaging beam and prevents that stray 
radiation or radiation &om unwanted reflections would be introduced in the imaging beam 
and would cause a reduction of the contrast in the image. Arranging the stop near the 
controUable, i.e. movable, lens group, and moving the stop simultaneously with this lens 
group allows restricting the diameter of the lens elements of this group to approximately that 
of the stop openmg. Using such small lens elements reduces the chance that false light is 
coupled in the lens system. 

The position of the stop in the zoom lens system is also of great unportance for 
an essential feature that allows a substantial reduction of the built-in height of the zoom lens. 
An embodiment of the zoom lens, which includes this feature, is characterized in that it 
comprises at least a foldmg mirror arranged between the front lens groiq) and the controllable 
lens group. 

The special design of the zoom lens having only a front lens group comprising 
a smgle lens element and the controUable lens aUows creating sufficient space between the 
front group and the controllable group. The embodiment with the folding mirror allows 
arrangmg the main portion of a camera with the zoom lens parallel to the main surface of a 
device wherein the camera is to be incorporated. 

The design of conventional zoom lenses does not allow mtroduction of a 
folding mirror; there is not enough space between the lens elements to arrange a folding 
mirror. 

It is noted that US-A 6,339,508 discloses a zoom lens for a miniature camera 
to be built-in in a mobile phone, which zoom lens includes a fi)lding mirror between a front 
lens element and a movable lens groiq). The group comprises a relative large number of lens 
elements. In Ihis zoom lens focussing is performed by moving the front lens element or the 
rear lens elem^t, for which movement space has to be reserved. 

A further reduction of size is obtained in an embodiment, which is characterized in that it 
conq)rises a second folding nrirror, which is arranged behind the controllable lens group. 
In this way the track length of the zoom lens can be reduced without substantiaUy increasing 
its dimension in the direction perpendicular to the length direction. 
US-A 4,249,798 discloses a zoom lens for a pocket camera, which zoom lens comprises a 
first folding mirror between a front lens group and a movable lens gjcovp and a second folding 
muTor between the movable lens gcoap and flie rear lens group. The front lens group and the 
rear lens group each comprises two lens elements and the movable lens group comprises four 
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lens elements. Hie lens stop is arranged between the third and the fourth lens element of the 
movable lens group. In this zoom lens again focussing is not performed by moving elements 
of the movable lens group with respect to each other. 

An embodiment of the zoom lens having a folding mirror at the object side 
5 portion may be fijrther characterized in tibiat this folding mirror is integrated with the front 
lens group. 

In this way tiie number of elements of the zoom lens is thus reduced by one, 
which reduces the costs of manufacturing. 

Another embodiment of the zoom lens having two folding mirrors, is 
10 characterized in that the first folding mirror is arranged such that the angle between the 
normal to its reflective surface and the optical axis is larger than 45°. 

Then, the image sensor can be arranged more close to the optical axis of the 
zoom lens so that the total size of the camera can be furflier reduced. 
As a camera wherein the zoom lens is incorporated is distinguished from conventional 
1 5 cameras by features, which are provided by the invention, such a camem forms part of the 
invention. 

As building-in of such a camera in a handheld apparatus provides such 
apparatus with a zooming ftmction, such an apparatus forms also part of the invention. 



20 

These and other aspects of flie invention are apparent from and will be 
elucidated, by way of non-limitative example, with reference to the embodiments described 
hereinafter. In the drawings: 

Figs.la and lb show a principle design of a zoom lens for a miniature camera, 
25 and ray trace plots for the Tele configuration and in the wide configuration, respectively of 
this zoom lens; 

Figs. 2a and 2b show an embodiment of a zoom lens according to the 
invention and ray trace plots for the Tele configuration and the wide configuration, 
respectively of this zoom lens; 
30 Figs, 3a and 3b show an embodiment of this zoom lens, which is provided 

with a first folding mirror and similar ray trace plots; 

Figs. 4a and 4b show an embodiment of this zoom lens with a first and a 
second folding mirror and similar ray trace plots; 
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Figs. 5a and 5b show another embodiment of the zoom lens with two folding 

mirrors; 

Fig. 6 shows a zoom lens having an integrated folding mirror and fiont lens. 

element; 

Fig. 7 shows a mobile phone provided with a camera, which includes a zoom 
lens according to the invention, and 

Fig. 8 shows a laptop computer provided with a camera, which mcludes a 
zoom lens according to the invention. 

In these Figs, the same reference numbers denote the same elements. 



Figs.la and lb show a basic design of a zoom lens 10 for a miniature camera 
1. This camera has a CCD or CMOS image sensor 18 and associated processmg electronics 
(not shown). The camera should be so smaU that it can be built-in a mobile phone or another 
handheld ^aiatus. The requirements to be set to such a zoom lens are mainly determined by 
features of the unage sensor, like its size and resolution and the requked zoom factor. In 
practise ttie sensor has a diagonal dhnension of, for example 3,36 mm. and the resolution 
determining pixel size is for example between 5,6 ixm and 4,2 ixm. A zoom factor 2 is 
sufficient. It has been observed that for this appUcation a zoom lens can be designed, which 
has only two lens elements for the image formation. These lenses are a front lens element 12, 
fonning the front lens group and a movable lens element 14, formmg the controllable lens 
group. 12. A lens stop 16 is formed by a diaphragm that is arranged near lens element 14 at 
the side of the front lens element 12. This diaphragm restricts the diameter of the imagmg 
beam and prevents that stray radiation or radiation from unwanted reflections would be 
introduced m Ihe unaging beam and would cause a reduction of the contrast in the unage 
formed on the sensor. Such a diaphragm ensures that for aU imagmg beam portions the beam 
diameters are the same the optical track of the zoom lens, i.e. the distance between the front 
surface of the fiont lens element and the front surfece of the image sensor (unage plane) may 
be, for example, as small as 14 nun. . 

Zooming, i.e. setting Ihe image size, is performed by displacing lens element 
14, together with the di^hragm 16 along the optical axis 00% thereby changing the focal 
distance of the zoom lens. 
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Fig.la shows a ray trace plot for a Tele configuration of the zoom lens wherein 
a small object of the viewed scene is imaged. Fig. lb shows a ray trace plot for a wide 
configuration of the zoom lens wherein a large object of the scene is imaged. 

In order to keep the image focused on the image sensor for each zoom 
5 configuration, a focussing action is needed in addition to a zooming action. Conventionally, 
such a focussing action is performed by displacing the front lens group or the image sensor 
along the optical axis of the zoom lens. For such displacement space should be reserved so 
that the camera provided with such a zoom lens would be enlarged. 

Furthermore, tiie lens elements of the zoom lens suffer firom dispersion, i.e. 

10 components of the imaging beam b having different wavelengths are refiracted by these lens 
elements in different ways. To limit the number of lens element to the minimum, a 
holographic grating maybe incorporated in the zoom lens, which grating diffracts 
components of the imagmg beam having different wavelraigths in different ways. The grating 
and the zoom lens can be designed such that the dispersion of the lens elements can be 

15 corrected by the wavelength dependent diflBcaction of the grating. However the efficiency of 
the grating, i.e. the ratio of the amount of radiation diflfracted in a required diffraction order 
and the amoxmt of radiation incident on the grating is wavelength dependent. However, the 
grating shows optimimi diffraction efficiency for only one wavelength. For other 
wavelengths a part of the radiation is diffracted in unwanted orders, which results in ghost 

20 and blurred images on the image sensor and thus in a decrease of the contrast of the image 
formed on the image sensor. 

To avoid the decrease of contrast and to allow focusing without displacing the 
front lens group or the image sensor, the zoom lens of the invention includes a controllable 
lens group, which is composed of two lens elements. Figs 2a and 2b show a first embodiment 

25 of such a zoom lens 20. The new controllable lens group is denoted by reference number 24 
and its lens elements by 25 and 26. Lens element 25 may be a positive element having two 
convex surfaces and lens element 26 may be a negative lens having two concave surfaces. 
Lens elements 25 and 26 are made of different lens materials having different dispersions, or 
Abbe numbers, which allows one of these elements to correct for the dispersion of the other 

30 lens elements. For example, one of the lens elements 25 and 26 may be made polycarbonate 
(PC) whilst the other lens and the front lens element may be made of polymethyl 
methacrylate (PMMA). Both materials are well-known optical materials. Also other 
transparent plastic materials, like cyclic olefin polymer (COC), may be used for the lens 
elements. 
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Lens elements 25 and 26 are driven by separate motor drives, known per se 
and not shown in Figs, la and lb, so that the lens elements can be moved independently. 
Focusing is performed by moving Irais elements 25 and 26 relative to each other. Zooming is 
performed by moving the lens elements simultaneously in the same direction and over the 
same distance to and fiom the front lens element, as shown in Figs. 2a and 2b, which show 
the wide and the configuration of the zoom lens, respectively. 

As shown in Figs. 2a and 2b lens stop 16 is arranged at lens element 25 and 
during a zooming action the stop moves simultaneously with and in the same direction and 
over the same distance as lens elements 25 and 26. As the diameter of a lens element near the 
lens stop may be approximately the same as the diameter of the stop opening, the size of the 
lens elements can be kept small so that no or a negUgible amount of felse K^t will reach the 
image sensor. 

The zoom lens design shown in Figs la-2b allows introducing a folding minor 
in the zoom lens. In a conventional zoom lens design no sufScient space is available betwe^ 
the lens elements for such a minor. 

Figs. 3a and 3b shows an embodiment of a zoom lens 30 having a folding 
minor 32 arranged between the front lens element 12 and the first lens element of the 
controllable lens group 24. The imaging beam b &om the object sc^e is incident 
perpendicularly on the front lens element 12. After havmg passed this elanent the beam is 
reflected by the mkror 32 at an angle of 90°, thus in the horizontal direction, if this mirror is 
ananged at an angle of 45° with respect to the chief ray of the beam b. The other elements: 
the lens elements 25 and 26 and the image saisor 18 are arranged in the horizontal direction. 
This horizontal direction is parallel to the front surface of the apparatus, wherein the camera, 
i.e. the zoom lens and the images sensor, should be built-in. In this way the built-in height he 
of the camera is reduced to the sum of the height of the mirror 32 and the thickness of the 
fix)nt lens element 12. 

Including a folding mirror in the zoom lens allows reducing the built-in height 
of the camera to a substantially higher extend than is possible by includmg a controllable lens 
group having two independently movable lens elements. However, including such a lens 
group in a zoom lens, which is already provided with a folding minor, allows using the last 
possibihty to further reduce the built-in height of the camera and making this height constant 

As is clear from Fig. 3a, which shows a ray trace plot for the Tele 
configuration of tihe zoom lens, in this configuration flie lens stop 16 is positioned v«y near 
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the folding mirror 32. Fig. 3b shows a ray trace plot of the wide configuration of the zoom 
lens. 

Providing the zoom lens with a second folding mirror can further reduce the 
total size of the zoom lens. Figs.4a and 4b shows aa embodiment of a zoom lens with such a 
5 second mirror and ray trace plot for the Tele configuration and the wide configuration, 

respectively. The second folding mirror 42 is arranged between movable lens elraxent 26 and 
the image sensor 18. This mirror reflects the imaging beam b coming from lens element 26 at 
an angle of 90^ i.e. in the vertical direction, if it is arranged at 45° with respect to the chief 
ray of the beam, so that the image sensor can be arranged in tibis direction. In this way the 

10 dimension of the zoom lens, and thus of the camera, in the horizontal direction can be 
reduced without substantially enlarging the dimension in the vertical direction. This 
dimension, i.e. the built-in height is now the distance between the fix>nt surface of the front 
lens element and the front surface of the image sensor. This height may be as small as 3,7 
nun. Some additional height, for example 1,5 mm may be required for the image sensor and 

15 its packaging. 

The folding mirror 42, which reflects the beam downwards, may be replaced 
by a folding mirror arranged at an angle of 90o with respect to nmxor 42 so that the beam is 
reflected upwards. Then, he image sensor 18 can be arranged at approximately the same 
height as front lens element 12. 

20 The preference for a second folding mirror is determined by tihe thickness of 

the image sensor. If this sensor, including its packaging is small enough, or if the sensor can 
be sunk in its printing circuit board (PCB) so that the PCB can be arranged closer to the lens 
elements, no second mirror is needed. 

Adapting the tilt of the first folding mirror can further reduce the built-in 

25 height of the zoom lens and camera. This is illustrated in Figs. 5a and 5b, which show ray 
trace plots for the Tele configuration and the wide configuration, respectively of such a 
modified embodiment 50 of the zoom lens. The first folding mirror 12 is arranged such that 
the angle of incidence 0 of the imaging beam b on this mirror is larger than 45**. The beam is 
reflected slightly upwards from the horizontal direction and the second folding mirror 42 and 

30 image sensor are shifted upwards so that they are more in line with the font lens element 12 
and the first mirror 32. Although in Figs. 5a and 5b a zoom lens with a single movable lens 
element 14 is shown, it will be clear that the first foldiug mirror with the adapted tilt can also 
be used in a zoom lens as shown in Figs 2a-4b. 
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As shown in Fig.6 the first folding minor may be integrated with the front lens 
element to a miiror lens element 62. This element has a reflective flat base surfece 64 
arranged at an angle o^ for example 45" with respect to the chief ray of the beam b, and two 
curved surfeces 66 and 68, which form the refractive surfeces of the lens element In this way 
the number of elements of flie zoom lens and thus its manufacturing costs can be reduced. At 
least one of the curved surfaces of element 62 may be an aspheric surface, as is the case for 
flie other lens elements of the zoom lens embodiments described herein above. 

A practical embodiment of the new zoom lens having two movable lens 
elements and shown m Figs. 2a and 2b has the following characteristics: 

Tele wide 

Focal length 7.2 mm 3.6 mm 

15 F/number 5.9 4Q 

Angle of view diagonal 26.8" 56" 



10 



20 



25 



30 



This zoom lens is suitable to co-operate with a CCD or CMOS image sensor 
having a diagonal dimension of 3.36 mm and comprising 640x480 pixels whereby the pixel 
pitch is 4.2 iim. 

Fig. 7 shows an example of a handheld ^aratus wherein the zoom lens of the 
invention can be used. The apparatus is a mobile phone 70 shown m front view in Fig.7. The 
mobile phone has a microphone 72, which inputs the user's voice as data, a loudspeaker 74, 
which outputs the voice of a communicating partner and an antemia 76, which transmits and 
receives the communicating waves. The mobile phone further comprises an mpvO: dial 78, by 
means of which the user iiqiuts data, such as aphone number to be diaUed, and a display 80, 
for example a Uquid crystal display panel. This panel maybe used to display a picture of the 
communicating partner or of the user or to display data and gr^hics. For pix>cessing the input 
data and the received data a data processing unit (not shown) is included m the mobile phone. 

The phone 70 is provided with a miniature camera 82 comprismg a zoom lens 
as described herein before for photographing a scene, gr^hics or data to be communicated to 
the partner or the user. Of this camera only the entrance surface 84 of the front lens element 
12 of the zoom lens is visible. The other elements of the camera, i.e. the movable lens 
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elemeats and the image sensor may be acraaged along a line perpendicular to the front 
surface of the phone, i.e. in the direction perpendicular to ttie plane of drawing of Fig. 7, if 
the dimension of the phone in this direction is large enough. Preferably, the zoom lens 
comprises at least one folding mirror. Then at least the two movable lens elements are 
5 arranged along a line, which is parallel to the firont surface of the phone, which may then be 
relative thin. 

The front 1ms element of the zoom lens may also be arranged in the back 
surface of the mobile phone. If the mobile phone is provided with an envelope, or cover 
portion, the zoom lens may be arranged in this envelope and the front lens element may be 

10 arranged in a main surface of this envelope. 

Another handheld apparatus wherein the invention may be implemented is a 
personal digital assistant (PDA) provided with a miniature camera. Such a camera with a 
zoom lens as described herein above may be arranged in the PDA in the same way as 
described for the mobile phone. 

15 Fig. 8 shows a lap top computer (notebook) as an example of a portable 

apparatus wherein the invention may be implemented. The 1^ top computer 90 comprises a 
base portion 92 wherein a keyboard 95 and the processor unit are incorporated. A cover 
portion 96, which can be rotated with respect to Hie base portion includes a display 98 and a 
miniature camera 100. Such a camera provided with a zoom lens as described herein above 

20 may be arranged in the laptop in the same way as described for the mobile phone. 

The invention has been described at the hand of a zoom lens comprising only a 
front element and a controllable lens group, which zoom lens is intended to be used in a 
miniature camera having a small image sensor with a moderate pixel pitch, or resolution. A 
zoom lens for a camera having another type of image sensor may have a rear lens element 

25 and a front and/or rear lens group having more than one lens element. The invention may also 
be used in such type of zoom lens. Furthermore, the invention can not only be used in a 
miniature camera for a handheld apparatus, like a mobile phone, a digital personal assistant, a 
pocket computer and an electronic toy, or for a portable apparatus, but also in other types of 
built-in cameras. The invention may also be used in non-built-in cameras, like cameras for 

30 desktop computers, cameras for intercom systems and pocket-sized and other-size cameras, 
for example digital cameras. The camera may be a still picture (photo) camera or a video 
camera. For the invention it is irrelevant whether the camera uses a film or an electronic 
sensor, for example a CCD sensor or CMOS sensor. . 
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CLAIMS: 



1 . A zoom lens having at least a front lens group and a controllable lens groiqp 

characterized in that the controllable lens group comprises two lens elements, which are 
made of different lens materials and are movable with respect to each other. 

5 2. A zoom lens as claimed in claim 1 having a lens stop, characterized in that the 

lens stop is arranged near tiie first lens element of the controllable lens group and is movable 
together with this lens group. 

3. A zoom lens as claimed in claim 1 or 2, characterized in that it comprises a 
10 folding mirror arranged between the firont lens group and the controllable lens group. 

4. A zoom lens as claimed in claim 3, characterized in that it comprises a second 
folding nmror, which is arranged behind the controllable lens group, 

15 5. A zoom lens as claimed in claim 3, characterized in that the folding mirror is 

integrated with the jfront lens group. 

6. A zoom lens as claimed in claim 4, characterized in that the folding mirror is 
arranged such that the angle between the normal to its reflective surface and the optical axis 

20 of the front lens group is larger than 45°. 

7. A camera comprising a zoom lens as claimed in any one of claims 1-6. 

8. A hand-held apparatus comprising input means, information processing means 
25 and display means and a camera as claimed in claim 7. 
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ABSTRACT: 



Id a zoom lens (30), comprising, from the object side to the image side, a front 
lens group (12) and a controllable lens group (24), the controllable lens group coiiQ)rises two 
lens elements (25, 26) having different dispasions and bang movable with respect to each 
other to perform focus action. One of the lens elements corrects for the dispersion of the 
5 zoom lens. Preferably the zoom lens comprises at least one folding mirror. 

Fig. 3b 
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